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The Morphology and Histology of the Hyineiiopterous Poison Apparatus 

III. Eciton haniatum (Forniicidae)^ 



HF.XRY R. H1-:RM AXX. Jk..^ a.\d .MURRAY S. BLUAP 

Department i>i luUomology. Louisiana .State University, Baton Rouge 

ABSTRACT 



The poison apiiaratus cjf licitan luiinalnm (I-'.) is de- 
scribed and illustrated. In this species, as in other D(jry- 
linae and in 2 genera of Ponerinae. the furcula is lacking, 
riie anterior e.Ktension of the sting bulb functions in the 
lilace of this major sclerite, which re])ortedly is present in 
all wasps and stinging ants. Twu muscles masses I de- 
Hecting and rotating muscles of the sting), which insert 
on the furcula of most aculeates, insert on this anterior 
extension to cause deflection of the sting and a ]}ivoting 



action. The significance of the association between these 
2 muscles and the furcula or sting bulb may involve the 
ponerine-doryline relationship. The origin of the furcula 
and the mor])hology and histology of associated soft parts 
which make up the poison apparatus are discussed. The 
venom produced by E. lianuituin is proteinaceous, and 
contains a hemolysin. The chemistry of the venoms pro- 
duced by stinging ants is discussed. 



The reaction of human being.s to the .sting of Ecitoii 
hamatnm ( F. ) is comparatively mild i Rettetimeyer 
P)63), although this species has well develo])e(l glan- 
dular and reservoir re.gions and a functional sting ap- 
l)aratus. Whelden ( l%3j described parts of the poi- 
son apparatus of this specie.s and R. burclicUi ( West- 
wood i. Alost of that investigation was concerned with 
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soft parts and very little consideration was given to 
the sclerites. The jireseiit investigation was initiated 
as part of a comparative study of the hymenopterous 
])oison apparatus, dealing particularly with the perti- 
nent sclerites. .A more detailed account of previous 
investigations was presented bv Hermann and Blum 
(1%6). 

MATERIALS AND METHODS 

Workers of E. Jiamatum were collected at LimoM 
( ochn X'ano I^rovinee F'cnndor from SentemW^'TFo 
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ecember 1964. hi some cases, live specimens were 
ssected immediately after collection, to examine the 
'ft ])arts. Other workers were fixed in alcoliolic 
ouin's fluid and later sectioned in tlie manner pre- 
ribed for Paraponcra clavata ( F.) (Hermann and 
lum 1966). In addition, the i)oison apparatuses of 
ajor workers were cleared and moimted on slides 
r e.xamination of the sclerites. 

RESULTS 

I'oisoii Sac. — The poison sac (PS, Fig. 1, A and 

I is usually rounded to oval wlien full, the shape 
■pending on the amount of fluid within it. A full sac 

usuallv distinctlv marked off from the slender main 
ict (AID). 

Regions of the poison sac and gland are essentially 
e same histologically as those mentioned for P. cla- 
ifii (Hermann and Blum 1966). The sac consists 

a crinkled, chitinous tunica propria which sur- 
unds an invaginated layer of the same composition 
id the convoluted gland (CG). The sac is covered 

simple squamous epithelium ( SE), the nuclei and 
toplasniic borders of which are often very diflicult 

see. This epithelial layer is surrounded by a layer 

transverse striated muscle (CM). The invaginated 
irtion of the sac is similar in cellular composition to 
e external region of the sac, i,e., it is composed of 
mple squamous epithelium. In fact, this invagina- 
in is merely a continuation of the external tunica 
opria. 

The main duct from the poison sac to the sting bulb 
■SB) has more extensive crinkling than the sac itself, 
here is some decrease in diameter of the main duct 
cm its distal to its proximal region (Fig. 1, A), 
he cellular makeup of the main duct, identical to 
at of the poison sac, consists of a layer of simple 
uamous epithelium. 

Free Filaments. — The free filaments leave the sac 
■ar its base (FF, Fig. 1, A and H). Whelden 
!963) stated that these free filaments arise from the 
iterior end of the sac. However, we have examined 
imerous fresh sacs, and have never found this to 

the case. A common duct extends from the surface 

the sac and forks into the individual free filaments, 
his condition is similar to that found in Paraponcra 
Hermann and Blum 1966) and Myrmccia (Cavill 

al. 1964). The distal ends of the free filaments are 
isitioned anteriad in the gaster. We found no defi- 
te pattern in their position within the gaster such 
■ was mentioned by Whelden (1963), although the 
aments always seemed to have some connections 
ith structures at their distal ends. The filaments 
ive a uniform diameter throughout their length, 
milar to the filaments of Paraponcra. 

The filaments are composed of simple cuboidal cells 
hich line an undulating lumen. The cells in the fila- 
ents possess large nuclei and granular cytoplasm. 

Convoluted Gland. — This structure (CG, Fig. 1, 

and B) is foimd within the poison sac. It consists 

numerous polygonal cells and ducts which we be- 
eve are responsible for the synthesis of venom and 
s ])assage into the sac proper. 



DiifoKr'.s- Claud. — Dufour's gland (IXi. l-"ig. 1. Ai 
extends into the gaster to much less a degree tlian 
the poison sac. Tliis gland is an elongate sac. the duct 
of which is not of a uniform apjjcarance throughout 
its length. Dufour's gland is 1.0-1.3 mm long and 
0.30-0.35 mm in diam. It is composed of sim])le 
columnar cells ( CE, Fig. 1. E, F', and (V) . whicli 
are often quite elongated. The gland is encircled by 
a single layer of circular muscle (CM '). The lumen 
is very irregular in places, especially in the portion 
of tlie gland that is within the sting bulb i Lu, Fig. 2. 
C). Distad in the gland the lumen is usually large, 
but as the gland enters the sting bulb the lumen often 
Ijecomes obscure. Throughout most of the gland the 
nuclei of the columnar cells are centrally situated 
within tlie cell. \\'liere Dufour's gland terminates in 
the anterior half of the sting bulb, the nuclei are found 
near the cell base ('Fig. 2. O. Cells at that location 
are often low columnar. 

As in the case in other ants. Dufour's gland enters 
tlie sting bulb just ventrad to the main duct of the 
])oison sac (Fig. 2, C). A slender duct (DE) con- 
tinues ])0steriad from these columnar cells for a short 
distance before its lumen oi)ens directly into the sting 
bulb. This duct is surrounded by an extensive su]>ply 
of short muscles ( Mu) which function as part of a 
mechanism, completely separate from the ]Viison sac 
and main duct, to open and close Dufour's gland. A 
simple layer of cuboidal cells ( Cu ) can be seen 
around the base of Dufour's gland :ind surrounding 
the slender duct which empties into the sting bnlb. 

Skeletal Components of the Sihij/. — Whelden ( l'*63 I 
did not discuss the sclerites of tlie iioison apparatus 
of this species, although he made some sini])le illus- 
trations of the connections of the poison sac and Du- 
four's gland witli the sting l)ulb. Me also illustrated 
a transverse section of the sting bulb and lancets. 
However, the most significant differences between 
this species and sjiecies from other subfamilies seems 
to be involved with the skeletal compf)nents of the 
sting. 

When the sting of E. hauiatniu workers is in a 
com])letely retracted i)osition. it is usually hidden by 
the seventh abdominal ]ilates. The gaster of workers 
of this species is elongate, the seventh tergal segment 
lieing c|uite reduced. The gaster is 3.0-3..^ mm in 
diam in the major worker. 

The sting of major workers ( ."^t ,i is 1.6-l.S mm 
long and 0.2 mm in diam at its largest point. The 
sting shaft ( S.S ) is (piite curved, especially on the 
distal half (Fig, 1, D and H ). .Sclerotization of this 
structiu'e is c|uite extensive. A verv significant fea- 
ture associated with this structure is that the anterior 
and dorsal region of the sting bulb ('.SI! i extends an- 
teriad (AE, Fig. 1, C and D: Fig, 2, A, D and E) 
for a considerable distance and actually receives mus- 
cles normally received by the furcula of other acule- 
ate hymenopterans ( niuscles 3 and 4. Fig. 2. .A i. 

The elongate, triangular plate (TP. V\g. 1. 11: Fig. 
2. A, B, and I; F"ig. 3, B) reaches ventrad almost to 
the base of the entire sting when the lancets are in an 
almost completely retracted ])ositioii. The r,-inii of the 



1284 



Annals of the Entomological Society of America 



[Vol. 60, No. 6 



lancet (Ra 1) and oblong plate (Ra 2) show a broad 
curve from the latter structures to the sting bulb. 
There are no barbs on the distal end of the lancets 
(Fig. 3, B). Each lancet merely decreases in diam- 
eter to a sharp point. The valve (Va) is positioned 
on the anterior half of the lancet shaft, its height 
slightly greater than its width. The lancet measures 
2.0-2.5 mm from the anterior bend just ventrad to 
the triangular plate to its di.stal tip, and 0.80-0.8S 



mm from the bend to the dorsum of the triangulaj 
plate (TP). The triangular plate has an anteroposf 
terior length of 0.42 mm. The diameter of the lance| 
shaft varies from 0.02 to 0.03 mm. Each valve i| 
0.1 mm high and 0.1 mm wide. « 

The oblong plate (OP, Fig. 1, H; Fig. 2, A, B, 
and I) is not well sclerotized, the actual outline cf 
the structure often being obscure. This plate lie| 
mesad to the triangular plate (Fig. 2, I) and retains 
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Fig. 1. — Soft parts and sclerites which compose the poison apparatus of E. hamatum. A, poison sac and Dufour^ 
gland. B, transverse section through poison sac. C, ventral view of sting. D, lateral view of sting. E, transver^ 
section of Dufour's gland. F, sagittal section of Dufour's gland. G, enlargement of transverse section of DufoUTM 
gland. H, relationship between sclerites and soft parts of the poison apparatus. Boxes J and C are represented a^ 
sagittal sections in Fig. 2, J and C, respectively. 
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close association with the posterior region of the 
;tter structure. The oblong plates terminate at their 
rticulatiou with the gonostylar processes (Go, Fig. 
;, H: hlg. 2, -A.), luich gonostulus is 4.5-5.0 nun 
,11^'. and the length of the oblong plate is 1.0-1.5 
ni. The latter structure is equipped with sensory 
.,t;ie ( Se ) in a region near its articulation with the 
iangular plate ( Mg. 2, R i. 

riie fulcral arms ( 1"A, Fig. 1, II; Fig. 2, .\) are 
•ly slender. Their length (height) is 0.4-0.5 nun. 
Ill tlieir greatest wi<lth i anteroposteriorly) is 0.03- 
o4 intn. These very well .sclerotized structures act 
. jioints of pi\-ot for the sting when it is being 
■tlected. 

The (luadrate plate i{}\'. ITg. 1. It; Fig. 2, .\ » 
• tends posteriad and slightly dor.^-ad from its articu- 
;iim with the triangular jilate. It is not well sclero- 
/i(i and its borders are often diflicult to see. It 
'.asures ().30-0..''5 nnn long, and has a T-shaped 
-tal end. 

The eighth hemitergites ( .'-^l', h'ig. 3. -A and C) are 
imected dorsally by a sclerotized bar, a structure 
•■resenting a renniant of the previous connection be- 
rt'ii 2 sides of the tergnin. This structure covers 
i-t of the remaining sclerltes associated with the 

■he Skiictoniiisciiltir .ipf^araliis. — With the e.xcep- 
•1 of jnuscle 12, the levator muscle of the sting, all 
the muscles associated with the sting sclerites ;ire 
alar to the muscles of /'. chn'ata. The sting is 
4 in a retrticted .and horizontal ]iosition by this 
:-c!e, which ori.cinates on the posterior border of 
second ranuts ( Ra 2 i and inserts on the anterior 
; of the sting bulb ( h'ig. 2, .\ i. Contrtictlon ele- 
:r> the distal end of the sting after it has been de- 
ted by muscle 3 <luring the sting act. .Snodgrass 
'.i5, l'>56j and l-'oerster i 1*>!2 i have reported this 
-cle elsewhere. The remaining mu-cles function 
1 manner iilentical to I'anipoitrra and were dis- 
-fd by Ilermtum tind iSIunt il''()6i. Only a brief 
ine and summary of their function need bo pre- 
■vd here. 

stiscle I ( l*'ig. 2. .\ I originate^ on the dorsal 

■Icine of the oblong plate, inserts on the l.atertd 

'in of the posterior a])odenie of the c|uadrate plate 

results in the retrtiction of tlie lancets upon con- 

lion. Muscle 2 originates on much of the lateral 

■ ice of the oblong plate, inserts on the niesal lior- 

iif the <|uadr;ite idtite. and results in protracting 

-meets. (."<.>ntraction of nni.scle 3. which originates 

•le mestii border of the oblong pl.ate and inserts on 

'ater.al surftiee of the tuiterior extension of the 

.; hull), results in deflection of the sting. Musck' 

~'> originates on the niesal boialer of tfie oblong 

■. but in ;i ])osition immediately mesad to its inser- 

'II the dorsal region of the anterior extension of 

•ting bulb. Contraction causes a laterad move- 

■ <if the anterior extension of the bulb to pivot 

•ting from side to >i(le ( l-"ig. 3. V and <ii. Mus- 

■1 <and 4 function in a maimer simihir to the 2 

•:". ])resent in other aculeate forms except tluit 

insertion is on tlie furctila in those fornix and 



contraction results more in ;i clockwise and counter- 
clockwise rotation rather than a simple pivot (Fig, 3. 
Dand E). 

-Muscle 5 originates on the niesal ventral border of 
the fulcral arm and inserts on the ventral wall of the 
poison duct within the sting bulb. Contraction results 
in the opening of the duct to allow for the flow of 
venom. Muscle 6 is antagonistic to nutscle 5. It passes 
over the dorsum of the poison duct from the mesal 
.surface of one fulcral arm to the other. Contraction 
results ill closing the duct. 

iMuscIe 7 extends from the mesal border of one 
oblong i)late to the other and contraction tends to 
.align the various sclerites which were manipulated 
during the stinging act. 

Muscle 8 originates on the mesal surface of the 
tniteroilorsal region of the seventh abdominal sternite 
and inserts on the anteroventral region of the spiracu- 
l;ir ])late (Fig. 3, C). Contraction results in the de- 
pression of the entire sting mech.ani.sm. Muscle 9 
(antagonistic to muscle 8) originates on the mesal 
border of the anteroventral region of the seventh ab- 
dominal tergite, inserts on the anterodorsal region of 
the si>iracular plate, and results in the elevation of 
the entire sting mechani.sni upon contraction ( Fig. 
3. Ci. 

Muscle 10 originates on the posteroventral region 
of the mesal surface of the spirticular plate and inserts 
on the l.ater.al region of the (piadrate i)l;ite ( Fig. 3, C ) . 
Contraction results in a sligiit posteriad and dorsad 
movement of the entire sting mechanism. Muscle 12 
acts .as a levator to elevate the sting after deflection. 
Muscle 11 (antagonistic to muscle 10) originates on 
the mes.il surface of the spiracular i)late and inserts 
on the dorsal surface of the quadrate plate (Fig. 3. 
C). Contr.-iction causes tiie entire sting mechanism 
to move slightly tmteritid and ventnid to a depres.sed 
])osition. 

F.ffccts of the Stiiu/.— The reaction of human beings 
to the sting of E. Iiaiuatiiiii has been reported to be 
milder than to those of some other species in this 
genus I Rettennieyer 1963 1. but Rettennieyer ( per- 
sontd communication I rdso suggests that the sting of 
this tint is more effective th;m the stings of E. d. 
dulcittx l-~orel. E. d. cnissiitiidc Rorgmeier. /;. iiicxi- 
caiiitin Roger, tnid /:. :\uja)is (Olivier). E. hamatmn 
is one of the min-e specialized species of the Pxitonini, 
;uid thus, less ty[)ical of that tribe. However, the sting 
of most species of the genus Eciton is not consi<lere(I 
to be very jiainful to human beings, 

E. Inimafitiii seems to be less efficient in capturing 
prey thtui some other species of the Ecitonini, How- 
ever, efficiency in ctipturiug ))rey is undoubtedly de- 
l)endent upon the mode of atttick ;uid other behaviortd 
f.actors, tis well ;is on the potency of the venom and 
size of the sting. 

.Members of the genus Ecilon i)rob,ably prey on ants 
more than on any other group of arthropods. This 
]>reference was reported for E. biinitcIU by Retten- 
nieyer ( 1963"). Workers have been seen entering and 
titt.acking tuits in subterranetm nests. Rettennieyer 
sttited thtit tdthough many species of nondoryline tints 
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are captured by E. hamatum, he has not seen it prey 
on the ponerine P. clavata. However, Paraponera is 
preyed upon by E. burchelli. 

Wasps, Orthoptera, and spiders are probably next 
in abundance among the booty taken by members o£ 



whereas adult polybiine wasps are killed if they re- 
main on the nest, such is seldom the fate of adult 
vespids, which abandon their nests to the attacking 
dorylines. 

A large proportion of the potential prey always 



the genus E tit on. Rettenmeyer (1963) stated that the seems to escape. Even when the ants attack nests of 
wasps attacked by E. hamaftim are primarily the so- social insects and the brood are completely killed, most 
cial Polybiinae and Polistinae (Vespidae). However, of the adults escape. This may be due to a virtually 
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Fig. 2. — Sclerites and some muscular attachments in the poison apparatus of E. hamatum. A, lateral view O' 
poison apparatus. B, enlargement of triangular and oblong plates. C, sagittal section through sting bulb as repre- 
sented in box C of Fig. 1, D. D-H, transverse sections through sting at a-a, b-b, c-c, d-d, and e-e of A, "^^P*? 
tively. I, dorsal view of triangular and oblong plates. J, sagittal section through anterior extension of sting bulo 
as represented in box J of Fig. 1, D. 
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iieffective sting or to a combination of factors, in- 
:luding those of an ethological nature. Since workers 
,t E. hamatum often have diflficulty in successfully 
•tinging human beings (true chiefly of the smaller 
rorkers), it is not unlikely that they will find it diffi- 
•ult to penetrate the tough, sclerotized exoskeleton of 
;iany species of insects. 

The venom of E. hamatum consists of a clear 
iiid which appears to be completely soluble in water. 
Vhen exposed to air, the venom is rapidly converted 
1 an amorphous solid which can be dissolved readily 
water. When tested with /jH paper, venom which 
.>ues from an everted sting produces an alkaline reac- 
iiu : aqueous solutions of the venom are also strongly 
kaline (/.H = 9-10). 

Probably the venom which issues from the extruded 

ing is primarily a product of the poison gland. 

hen E. hamatum workers were allowed to sting 

ther of us for a sustained period, subsequent dis- 

■ction of the poison apparatus always revealed that 

( poison sac was collapsed. On the other hand, Du- 

iir's gland was ahvaj-s turgid with its chartreuse 

■cretion. At best, only a trace of the secretion from 

ufour's gland can be present in the venom which is 

iected at the sting site and as a consequence, the 

uction resulting from an Eciton sting can be at- 

buted almost exclusively to the natural products 

athesized by the poison gland. It is also quite ap- 

rent that E. hamatum, like other stinging hymen- 

terans which we have examined, can rapidly se- 

vte nearly the entire contents of its poison sac into 

; sting bulb while at the same time closing off the 

ct from Dufour's gland. 

The venom which is collected as it issues from the 

:ruded sting is rich in proteins but does not con- 

:i any detectable free amino acids. Venom samples 

ich were analyzed by 2-dimensional paper chro- 

tography (H-butanol :acetic acid: water, 4:1:1 and 

^ aqueous pyridine) were characterized by the 

<ence of strongly ninhydrin-positive material only 

:he origin. Hydrolysis of the venom (HCI: formic 

I, 1:1) produced a large series of free amino 

is, the most concentrated of which were glutamic 

I lysine, and leucine. Examination of the venom 

gel electrophoresis revealed the presence of 4 

teins. 

iilike the poison gland products, the secretion 

1 Dufour's gland is water insoluble. The char- 

i<e-co!ored liquid found in the reservoir of Du- 

■'s gland is lighter than water and readily forms 

droplets on the surface when the gland is rup- 

■'1 in an aqueous medium. This secretion is Nin- 

"iu-negative and thus strongly contrasts to the 

■finaceous constituents which are produced in the 

I' sting-associated gland, the poison gland. 

■le venom of E. hamatum was demonstrated to 

-tin a hemolytic factor. Hemolysis was examined 

"upturing 3 poison sacs dissected from major 

sers in 0.1 ml of phosphate buffer (^H — 7 A), 

■hich was added 0.8 ml of a 2% suspension of 

it red blood cells. Complete hemolysis occurred 

in 1 5 min. 



DISCUSSION 

E. hamatum is probably typical of the dorylines in 
producing a proteinaceous venom. We have examined 
also the venoms of species in the doryline genera 
Neivamyrmex and Labidtis, as well as other species 
in the genus Eciton, and in all cases, proteins were 
present. Indeed, with the exception of the myrmi- 
cines Solenopsis saevissima (F. Smith), S. xyloni 
McCook, and S. geminata (F.), no venom produced 
by stinging hymenopterans has been found to be 
protein-free. Hemolysins also have been found in 
the venoms of members of all the other subfamilies of 
ants which inject venom with a sting, and it is very 
probable that compounds capable of lysing red blood 
cells will be found commonly in ant venoms, as they 
are in the venoms of vertebrates. 

E. hamatum is similar to ponerines, pseudomyrmi- 
cines, and myrmicines that we have examined in that 
the venom which is discharged through the sting 
originates mainly, if not completely, in the poison 
gland. Dufour's gland is always turgid after the 
venom issues from the sting and the nonprotein prod- 
ucts of this gland clearly are not major constituents 
of the injected venom. It would be appropriate to 
ask : what is the function of the Dufour's gland secre- 
tion in the Formicidae? Although the secretion from 
this gland functions as a releaser of social behavior 
in the myrmicine genera Pheidole and Solenopsis 
(Wilson 1963), no function can be attributed to the 
products of this gland in any of the other formicid 
genera. In some genera — e.g., Paraponera (Hermann 
and Blum 1966) — Dufour's gland is larger than the 
poison sac and the reservoir of the former contains 
a large volume of secretion. The extensive develop- 
ment of this gland in many ant genera would serve to 
indicate that its secretion plays an important role in 
formicid biology. For ants as well as many other hy- 
menopterous groups, the determination of the role of 
the Dufour's gland secretion represents a major un- 
solved problem. 

The sclerites, muscles, and other associated parts 
of the poison apparatus of E. hamatum are essentially 
the same as those found in other aculeate hymenop- 
terans. Some specific differences between the poison 
apparatus of E. hamatum and those of most Aculateae 
are: (1) the position of departure by the free fila- 
ments from the poison sac, (2) the lack of barbs on 
the distal end of each lancet, and (3) the absence 
of a furcula which articulates with the anterior end 
of the sting bulb in other aculeates. 

The free filaments extend from the base of the 
poison sac in this species, a condition which also oc- 
curs in the Myrmeciinae, Ponerinae, Pseudomyrme- 
cinae, and Formicinae. The free filaments extend 
from a position near the apex of the sac in myrmi- 
cines and dolichoderines. The slender appearance of 
the filaments in E. hamatum is also a condition found 
in the Myrmeciinae, Ponerinae, Pseudomyrmecinae, 
and Formicinae, whereas in the Myrmicinae, the fila- 
ments have a larger diameter/length ratio. In the 
Dolichoderinae, the free filaments are oval. 
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Fig. 3. — Some sclerites in the poison apparatus of E. hamatum and diagrammatic sketches illustrating the tuw 
tional difference between the furcula and the anterior extension of the sting bulb. A, dorsal view of the *P"^'.^» 
plates. B, lateral view of the lancet. C, lateral view of the spiracular plate. D and E, illustration of a transv^ 
section through the anterior region of the sting and a dorsal view of the sting of a furculate hymenopteran res^ 
tively, showing how muscle 4 rotates the sting. F and G, dorylinelike sting, illustrating the pivoting of the sni» 
upon contraction of muscle 4. 
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The lack of barbs on the lancets of E. hamatum 
does not have any obvious significance, since there is 
no constant pattern among any members in the For- 
micidae. Thus, barbs are present on the lancets of 
many myrmicines, although they are absent in Myr- 
mica (unpublished data). They are present in some 
pseudomyrmecines but have been reported to be ab- 
sent in Pseudomyrmex pallidus (F. Smith) (Blum 
and Callahan 1963). They are generally present in 
the Ponerinae but are lacking in all the doryline spe- 
cies which wre have examined. 

The lack of a furcula in this and other species of 
the Dorylinae does have some interesting implications 
which may be very important in establishing the.phy- 
logenetic relationship of the army ants within the 
Formicidae. 

The origin of the hymenopterous furcula has not 
Seen previously suggested. Other than for members 
of the Dorylinae and 2 species of the Ponerinae, all 
the stinging Hymenoptera that we have examined 
.lossess this sclerite. None of the New World dory- 
iiies ( including members of the genera Eciton, Labi- 
his, Neivamyrmex, Nommnyrmex, and Cheliomyr- 
ncx) as well as the Old World genera Dorylus (in- 
luding subgenera Dorylus, Typhlopone, and Anom- 
11(1 ) and A en ictus, possess a furcula. There is an 
-iiteriorly extended portion of the sting bulb in all 
'itw World dorylines examined, and anterolateral 
-xtensions in the Old World dorylines. The presence 
f muscles 3 and 4 in these doryline species and their 
isertion on the anterior and anterolateral extensions 
t the sting bulb indicates that the furcula and an- 
grier region of the sting bulb are homologous struc- 
ires. Since these structures are homologous, it seems 
ident that either the furcula has arisen from the 
iterior region of the sting bulb or fusion between 
e furcula and anterior region has taken place, to 
'oduce the condition found in the dorylines and some 
serines today. 

The view that the furcula may have arisen from 

e sting bulb must be reconciled with several ini- 

Ttant considerations. First, it has been suggested 

Jt the dorylines may have arisen from poneroid 

«k (Brown 1954). Structural modifications of Oii- 

homyrmex larvae and the wing venation in Typhlo- 

•:rmex are suggestive of doryline characters. Also, 

lias been pointed out that several ponerine species 

Jstrate doryline behavior such as group raiding 

4 nomadism (Wilson 1958). If the dorylines have 

sen from poneroid stock, the presence of a furcula 

'tt!d be the primitive condition, and fusion of the 

■cula to the sting bulb must have been the subse- 

•nt evolutionary step. 

•■Secondly, the separation of a furcula from the sting 
f) (sclerite elaboration) does not follow the rule 
I evolutionary reduction (Brown 1965). This rule 
|*s that "evolutionary change in a given character 
I more likely to be a reduction rather than an 
wration." Thus, fusion of the furcula to the sting 
■i would support the rule, whereas the elaborpti^n 



arisen from poneroid stock, although based on be- 
havioral and morphological considerations, dorylines 
and some ponerines share several common characters. 
In the past few years, more information on the dory- 
linelike ponerines has been accumulated than formerly, 
and Brown (personal communication) feels that there 
can be no reasonable doubt that Onychomyrmex, 
Simopelta, and the mass-foraging species-group of 
Leptogenys originated separately from all or any of 
the ponerine tribes. Simopelta and Onychomyrmex 
seem to have most army ant attributes, both behavi- 
orally and morphologically. After careful examina- 
tion of the sting sclerites in O. hedleyi Emery, 5". 
octdata Gotwald and Brown, and Sphinctomyrmex 
steinheili Forel, we have obtained the following inter- 
esting results: Onychomyrmex has a well-developed 
furcula. Simopelta possesses a dorylinelike sting 
lacking a furcula and has an anterior extension of 
the sting bulb that is the point of insertion of muscles 
3 and 4. Sphinctomyrmex does not possess an ante- 
rior extension of the sting bulb, but muscles 3 and 4 
are nevertheless inserted on the anteriormost region 
of the sting bulb. 

A consideration of all these data leads us to the 
belief that the ponerine-doryline similarities may indi- 
cate a phylogenetic relationship between the 2 groups. 
However, the possession of a furcula by Onychomyr- 
mex seems to indicate that similarities between it and 
the Dorylinae may represent nothing more than the 
convergence of characters. 

Because many characters support the rule of evolu- 
tionary reduction, especially meristic characters, it is 
by no means impossible to find exceptions to the rule. 
In support of the hypothesis that the anterior bulb 
extension and furcula are homologous structures is 
the presence of the pair of muscles (3 and 4) which 
insert on these structures. In aculeate Hymenoptera, 
other than the Dorylinae and some of the dorylinelike 
ponerines, muscle 4 tends to rotate the sting. In the 
Dorylinae, contraction of muscle 4 tends to pivot the 
sting rather than rotate it. It is decidely advantage- 
ous for an ant to be able to rotate its sting, since 
rotation permits the sting to be thrust in numerous 
directions. A pivoting sting, such as is found in all 
the doryline species examined, is much more limited 
in the direction of its thrusts. Because of the obvious 
importance of the sting in the biology of ants, it 
would operate as a selective disadvantage to lose a 
structure (the furcula) which contributes so markedly 
to the efficiency of action of the sting. This considera- 
tion would tend to support the hypothesis that the 
anterior bulb extension may have given rise to the 
furcula. 

In a predatory group of ants such as the dorylines, 
the lack of an effective stinging mechanism would 
prove to be a very strong liability unless the ants 
have selected for the development of another highly 
efficient method of immobilizing prey. This problem 
appears to have been admirably solved by the Dory- 
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the Old World dorylines, which have lost completely 
the ability to sting, are considered to bite with a 
severity which is never encountered in the New 
World dorylines, all of which can sting. 

If the furcula has arisen from the anterior bulb 
extension, it would seem that 1 of 2 conditions pre- 
vailed in the early history of these ant species : ( 1 ) 
ants arose from wasps as 2 independent stocks (i.e., 
in a prefurculate, or dorylinelike, form and a fur- 
culate form). Although the prefurculate condition has 
not been reported in modern wasps, further investi- 
gations of wasp stings may reveal prefurculate spe- 
cies. (2) Ants arose from a prefurculate-type ancestor 
and tlie furcula has evolved independently in wasps 
and ants. All wasp species previously investigated 
possess this sclerite (including the Tiphiidae). 

That the ants are diphyletic has little support other 
than the possibility suggested by the prefurculate- 
furculate evidence presented in this paper. At pres- 
ent, neither morphological nor behavioral data provide 
any compelling evidence which indicates that the For- 
micidae are diphyletic. The possibility that the fur- 
cula evolved independently in ants and wasps seems 
to have some support. Selection pressure for the 
development of a furcula may have been, and still 
may be, great in those ants and wasps in which 
stinging plays an important ethologica! role. In the 
mutillid wasps, for example, we have found that selec- 
tion has played an important role in the evolution of 
the furcula, so this sclerite has become extremely 
modified in both shape and function. Therefore, if 
the furcula did arise independently in the 2 groups, it 
seems as though the dorylines and a few ponerines 
may have retained the single primitive prefurculate 
form. 

In conclusion, we feel that the furcula may be an 
important tool in understanding the phylogenetic se- 
quence through which aculeate hymenopterans have 
evolved. Rased on whether a prefurculate or a fur- 
culate condition is present, as well as on other mor- 
phological and behavioral evidence, it seems likely 
that the ponerine-doryline relationship may be close 
in some cases. We feel that much more morphologi- 
cal evidence is needed to support any hypothesis as 
to whether the anterior bulb extension is a pre- or 
postfurculate structure. 
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ABBREVIATIONS USED IN FIGURES 

AA Anal arc 

AE Anterior extension of sting bulb 

CE Columnar epithelium 

CG Convoluted gland 

CM Circular muscle 

Cu Cuboidal epithelium 

DA Dorsal apodeme of oblong plate 

DB Dorsal bar of spiracular plates 

DE Duct exit 

DG Dufour's gland 

FA Fulcral arms 

FF Free filaments 

Fu Furcula 

Go Gonostylus 

In Intima 

Ln ' Lancet 

Lu Lumen 

MD Main duct of poison sac 

Me Membrane 

Mu Muscle 

OP Oblong plate 

Po Poison 

PP Pivot point of sting 

PS Poison sac 

QP Quadrate plate 

Ra 1 Ramus of first valvifer 

Ra 2 Ramus of second valvifer 

SB Sting bulb 

Se Sensory setae 

SE Squamous epithelium 

Sp Spiracle 

SP Spiracular plate 

SS Sting shaft 

T -I- G Tongue and groove articulation 

TP Triangular plate 

Va Valve 

VG Ventral groove 

VA Ventral apodeme of sting bulb 

Muscles : 

1 Retractor of lancet 

2 Protractor of lancet 

3 Deflector of sting 

4 Rotator or pivotor of sting 

5 Dilator of poison canal 

6 Sphinctor of poison canal 

7 Aligner of lancets 

8 First depressor of spiracular plate 

9 First elevator of spiracular plate 

10 Second depressor of spiracular plate 

11 Second elevator of spiracular plate 

12 Levator of sting 
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Life History of the Incense-Cedar Wood Wasp, Syntexis lihocedrii 

( Hymenoptera : Syntexidae ) ^ 
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ABSTRACT 



This heretofore rare wood borer heavily infested sap- 
ng-sized incense-cedars on a forest burn near Viola, 
:alif., in 1963. 

The life history was studied in the field and laboratory. 
The insect took 2 years to complete its development on 
he Viola burn. However, in other cases development can 
f completed in 1-3 years. Eggs are deposited in the 
apwood, larvae can bore to a depth of 76 mm, and pupation 



takes place at the end of the larval gallery near the sur- 
face of the sapwood. Adults emerge from the wood and 
make attacks on trees freshly fire-killed in July and 
August. 

The insect's capacity to produce large populations and 
attack merchantable timber indicates that it should be 
considered a potential economic threat in fire-killed cedar. 



Following several midsummer forest fires in Shasta 
ad Modoc Counties in northern California, many 
lecimens of the heretofore rare incense-cedar wood 
asp, Syntexis lihocedrii Rohwer, were collected. On 
burned area near Viola. Shasta County, the first 
:io\vn males of the species were trapped (Wickman 
)64a). Middlekauff (1964) described the males and 
iinmarized the known information on this insect. A 
rge population of 5". libocedrii developed on the 
lola burn, providing enough insects to obtain data 
1 life history and behavior. 

:materials and methods 

S. libocedrii was studied under natural field condi- 

it!s and in the laboratory. Observations on host 

'ei'erence, gallery construction, emergence, and na- 

ral enemies were made on the Viola burn of August 

'W. One year later, burned trees infested with lar- 

e were felled. Log sections were brought to the 

•U Creek Forest Insect Laboratory,'' where some 

js were radiographed, some were split to obtain 

:vae, and others were placed in rearing cages. Only 

3 .S'. libocedrii emerged in 1964, but larvae were 

11 plentiful in the logs. The study was continued 

■ough the summer of 1965 by using periodic radiog- 

phy (Fig. 1) and log splitting to follow insect 

velopment. Moisture content of the logs was meas- 

"ttl by weighing oven-dried samples. 

In .\ugust 1965, mated and unmated newly emerged 

■'lales were caged with fresh cedar logs — -both 

irched and unscorched in each cage — -to observe 

^position, to check on female parthenogenesis, and 
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to Study the development of the attacks. Logs were 
scorched by burning with a blov^orch the bark of 
freshly felled trees. 

DI.STRIBUTION, HOST, AND DAMAGE 

S. libocedrii has been collected only in the central 
Sierra Nevada and the Cascade and Siskiyou Moun- 
tains of northern California, and only from a single 
host — incense-cedar, Libocedrus decurrens Torr. Con- 
ceivably, the insect could occur throughout the range 
of its host, from southern Oregon southward through 
California and western Nevada to Lower California. 
P>efore recent collections, only 3 specimens had been 
recorded. Therefore, any conclusions on insect distri- 
bution are tentative. 

Damage consists of insects boring several inches 
into the sapwood of incense-cedar. Before the Viola 
burn, the insect was never numerous enough to be 
considered a wood-destroying pest. However, at 
Viola, attacks were heavy enough on some cedars to 
have degraded salvaged lumber. 

DESCRIPTION, LIFE HISTORY, AND BEHAVIOR 

Adults.— Syntexis was first described by Rohwer 
(1915) from the female (Fig. 2). Insects reared in 
logs from the burn for the study reported in this 
paper consisted of 68 2 ranging from 8 to 16 mm 
long, averaging 13 mm; and 11 $ specimens (10 
trapped on the burn) ranging from 8 to 12 mm long, 
averaging 11 mm. Adults reared from laboratory 
matings consisted of 17 9 ranging from 6 to 11 mm 
long, averaging 8 mm ; and 3 S ranging from 6 to 8 
mm long, averaging 7 mm (Fig. 3). The smaller size 
might be due to the lower moisture content of the 
caged logs or to some other laboratory artifact. 



